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The Invention relates to a process for the preparaljon ot 1 ,2-dichloroethane by reacting ethene with hydrogen chloride and 
oxygen or an oxygen-contalning gas over a copper-containing catalyst in a fluidized bed, v^hich comprises Introducing at least 
one of the starting material streams - hydrogen chloride and oxygen - cflrectly into the lluidized bed. via feed lines made from a 
porous iaas-pemneable molding, and Introducing the ethylene and the receded gas stream over a base prepared from porous 
gas-penneable material or provided with a molding made from porous gas-permeal3le material. 
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Process For The PreparatJLon Of 1,2-Dlehloroe'bhane From 

O2cyehlor±2iaid.on 

The invention relates to a process for the 
preparation of 1/ Z-dichloroe thane by reacting ethene with 
hydrogen chloride and oxygen or an oxygen-containing gas 
over a copper-containing catalyst in a fluidized bed, which 
comprises introducing at least one of the starting material 
streams - hydrogen chloride and oxygen - directly into the 
fluidized bed, via feed lines made from a porous gas- 
permeable molding, and introducing the ethylene and the 
recycled gas stream over a base prepared from porous gas- 
permeable material or provided with a molding made from 
porous gas-permeable material. 
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Process For The Preparation 0£ 1,2-Dicliloroethane From 

Oxychlorlnatxoix 

Backgrottnd of the Invietttlon 
5 1) Field of the Invention 

The invention relates to a process for the 
preparation of 1, 2-dichloroethane by an oxychlorination 
procedure and to an apparatus for carrying it out. 
2) Background Art 

10 Oxychlorination generally means the reaction of an • 

alJcene with hydrogen chloride and oxygen or an oxygen- 
containing gas, such as air, to form a saturated chlorinated 
alkane. The reaction takes place in accordance with the 
following equation^ which^ by way of example, shows the 

15 reaction of ethene to give 1^ 2-dichloroethane/ called '^EDCT' 
below, 

C2H4 + 2HCi = 14 O2 <==> CI-CH2-CH2-CI + HgO, 
In one version of this process which is frequently 
utilized on an industrial scale, . the catalyst used is a 

20 fluidized bed, the catalyst consisting essentially of copper 
chloride on an aluminum oxide support. The ethene and the 
oxygen or the oxygen-containing gas are, separately from one 
another, introduced into this catalyst bed, the hydrogen 
chloride usually being metered in together with the oxygen 

25 or the oxygen-containing gas* It is ensured that the 
reactants firstly make contact with the fluidized bed before 

1 
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they encountered one another for the reaction* This avoids 
the formation of explosive mixtures. 

Australian Patent NO:. 702305 discloses an apparatus and 
its use for oxychlorination, which apparatus comprises a 
5 reactor having a delimited fluidized catalyst bed, in which, 
within this fluidized catalyst bed, a first gas feed line 
(distributing pipes) which contains nozzles distributed over 
the entire cross section of the reactor / is fixed. The 
nozzles feed into pipes which lead the exiting gas stream 

10 essentially in countercurrent to the gas stream which 
fluidizes the catalyst. The space between the lower ends of 
these pipes and the upper ends of the pipes which are 
incorporated in the boundary between the fluidized catalyst 
bed and that of the rest of the reactor with the second gas 

15 feed line^ forms a mixing zone which is dimensioned such 

that, on the one hand, mixing of the reactants with the 
catalyst can take place here and that, on the other hand, 
there is no longer any great mutual erosive stressing of the 
pipes and of the lower boundary. 

20 3) Dasorlptxon of the Prefamd Baibcdiaant^a 

Preferred embodiments of this apparatus have pipes which 
pass through the boundary to the fluidized catalyst bed, 
where nozzles are arranged below the boundary but above the 
lower ends of the pipes- Furthermore/ these nozzles are 

25 notable for the fact that they are fixed at such a distance 
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from the upper ends of the pipes that the upwardly directed 
rate of flow of the gas jets from the nozzles to the upper 
ends of the pipes is evened out over the particular cross 
section of a pipe. Here/ the nozzles are fixed to the lower 
5 ends of the pipes at a distance of one diameter of a pipe, 
and the length of the pipe is chosen such that the downwardly 
directed rate of flow of the gas jets from the nozzles to the 
lower ends of the pipes is evened out over the particular 
cross section of a pipe. The nozzles have varying diameters, 
10 so that the quantity of gas conveyed via the gas feed pipe 

is uniformly distributed over the cross section of the 
reactor . 

A process with similar apparatus is known from PCT 
publication WO 9419099* 
15 All of the known processes and the apparatuses 

associated therewith are complex in structure and permit only 
a very uncontrolled introduction of the starting material gas 
streams into the reactor. 

The object was therefore to provide a process in which 
20 the starting materials can be fed into the reactor in as 

simple and also as finely dispersed a manner as possible. 

The invention provides a process for the preparation of 
1^2-dichloroethane by reacting ethene with hydrogen chloride 
and oxygen or an oxygen-containing gas over a copper- 
25 containing catalyst in a fluidized bed, which 
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comprises introducing at least one of the starting material 
streams - hydrogen chloride and oxygen - directly into the 
fluidized bed, via feed lines made from a porous gas- 
permeable molding, and introducing the ethene and the 
recycled gas stream over a base prepared from porous gas^ 
permeable material or provided with a molding made from a 
porous gas-permeable material. 

According to the invention, the reactants, ethene on 
the one hand and oxygen on the other hand, the term also 
being intended to include an oxygen-containing gas, are thus 
introduced such that at least one of these reactants is fed 
into the fluidized bed over a porous molding, in finely 
divided form. The hydrogen chloride can be metered into or 
mixed with one or both of said reactants in a manner known 
per se. 

Preferably, the oxygen on the one hand and the 
ethene on the other hand are both fed into the fluidized 
catalyst bed in a finely divided form such that in each 
case, as described above, the hydrogen chloride can be fed 
into the fluidized bed with one or both of the reactants. 

The feed lines are preferably constructed in the 
form of pipes, similar to a filter candle or a number of 
tubular elements made from porous materials arranged, for 
example, in parallel. Suitable examples are frits made from 
glass or ceramic, as are also known from laboratory 
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techniques. Thin porous elements made from sintered metals 
which have the corresponding necessary chemical and thermal 
resistance are preferably suitable. Suitable for this 
purpose are the materials used in the construction of 
chemical apparatuses, such as stainless steel alloys or very 
corrosion-resistant alloys, as are commercially available 
under the names ®INCONEL (trade mark of Inco Ltd.; 
nickel /chromium alloy), ®MONEL (trade mark of Inco Ltd,; 
nickel/copper alloy) , ®HASTELLOY (nickel alloy) . 

If a countercurrent of the reactants is envisaged, 
the introduction of the gas with the porous molding within 
the fluidized bed is designed such that the gas discharges 
in countercurrent to the gas stream through the lower 
boundary of the fluidized bed. If this countercurrent is not 
desired, the introduction of gas can be directed in other 
flow directions or can take place in all directions. 

The pores of the porous filter elements in the 
gassing apparatus expediently have a diameter of from 0.5 to 
50 pm, preferably from 5 to 20 pm. 

Another aspect of the invention relates to the lower 
boundary of the fluidized bed which, according to the 
invention, is formed as a porous molding. Suitable for this 
purpose are, for example, frits made from glass or ceramic, 
as are also known from laboratory techniqpaes. Thin porous 
elements made from sintered metals which have the 
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corresponding necessary chemical and thermal resistance are 
preferably suitable. Suitable for this purpose are the 
materials used in the construction of chemical apparatuses, 
such as stainless steel alloys or very corrosion-resistant 
alloys r as are commercially available under the names 
OINCONEL (trade mark of Inco Ltd.; nickel/chromium alloy), 
®MONEL (trade mark of Inco Ltd.; nickel/copper alloy), 
©HASTELLOY (nickel alloy) . 

The invention further provides an apparatus for 
carrying out the process, comprising a reactor (2) equipped 
with a fluidized bed, which reactor is fitted with lines (1) 
and (3) for introducing the starting material streams ^ and 
with at least one line (5) for drawing off the products, 
wherein the lines for introducing the starting materials 
have been prepared from porous material. 

Preference is given to an embodiment of the 
apparatus wherein, prior to drawing off the products via a 
line (5), said products are filtered with a filter device 
(4) made from porous material • 

Preference is also given to an embodiment of the 
apparatus wherein, for the introduction of the ethylene and 
of the recycled gas stream, the reactor (2) is equipped with 
a base (12) prepared from a porous gas-permeable material or 
provided with a molding made from porous gas-permeable 
material. 
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The invention has a niiznber of advantages: 
The elements made from porous material cause the 
gases introduced into the fluidized catalyst layer to be 
introduced as very fine bubbles • These are naturally able to 
make contact with the catalyst surface much more easily and 
therefore react much more quickly with the reactant. As a 
result, the reaction becomes decisively more controllable 
and thus more selective, i.e., the formation of by-products 
is suppressed and the yield increases. Additionally, by 
Introducing fine gas bubbles, the danger of the reaction 
being uncontrollable is significantly reduced, which 
signifies a further increase in the safety of the reaction. 
In the same way, the homogeneous gas distribution resulting 
therefrom also acts over the entire reactor cross section, 
which likewise improves mass transfer. The very fine gas 
bubbles also permit the distance between the cooling 
elements in the fluidized bed to be significantly reduced, 
meaning that a considerably greater area of cooling surface 
is available per volume unit in the reaction zone. This 
increased cooling capacity for its part effects a reaction 
which can be better controlled, but can lead to the reactor 
volume being significantly reduced. 

Another significant advantage is that in the process 
according to the invention it is not possible for a finely 
divided catalyst to penetrate through the gas inlet devices 
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made from porous material, should the introduction of 
reaction gases be interrupted. This dispenses with the 
hitherto required storage of a flushing gas such as 
nitrogen, the volume of which has unnecessarily burdened the 
utilization of waste gas. 

A particularly compact construction . of the 
oxychlorination reactor is made possible by the catalyst 
being largely retained within the reactor . by fine 
filtration, coarse and fine fractions of the catalyst 
preferably being retained in one step. This filtration by 
means of a porous gas-permeable molding can, for example^ 
take place by way of filter candles, bag filters or 
cartridge filters. Fine filtration retains particles > 1 }m. 
This makes it possible to dispense with the hitherto 
required cyclones for retention of the catalyst. 

As a result of the reaction gases flowing uniformly, 
the friction in the catalyst is also considerably reduced. 
As a result, the particle size spectrum in the catalyst 
remains essentially constant over long periods, which in 
turn contributes to an evening out of the reaction. Apart 
from the advantages already given with regard to improved 
selectivity and safety, further advantages are that the 
service lives of the plant are considerably extended, and 
expensive downtimes and maintenance times are reduced. 
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In Other respects, the oxychlorination process is 
carried out in a manner known per se; 

The temperatures in the reaction zone of the reactor are 
between ZOO^'C and llO^'C, preferably between aiS^'C and 230°C^ 
5 particularly preferably between 220*C and 225^*0 . The 
pressure established in the process is from 2,5 x 10^ to 5 x 
10^ Pa, preferably from 3 x 10* to 4 x 10^ Pa, particularly 
preferably from 3.4 x 10^ to 3,5 to 10- Pa (in each case 
pressure above atmospheric pressure) • 
10 Here, per mole of ethane, from 1.5 to 2.5 mol, 

preferably from 1.8 to 2,1 mol, of hydrogen chloride are 
used/ and from 0.2 to 0,9 mol, preferably from 0.4 to 0.7 mol 
of oxygen, it being ensured, in a manner know per se, that 
the ethene or the oxygen first makes contact with the 
15 catalyst before it meets the other reactants, as is taught, 

for example, in Australian Patent No. 702305. 

Alternatives to this can also involve operating in other 
known ways such that explosive gas mixtures are avoided. 

The reaction gas is also worked up in a customary 
20 manner. In this regard, reference may bie made, for example, 
to the publications cited at the beginning. 
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The example below serves to illustrate the invention 
in more detail. The figures given in brackets refer to 
Figure 1, 
Exaaqple 1: 

5 5910 Nin^/h of hydrogen chloride at a temperature of 

150 "C and 1600 Nm^/h of oxygen at a temperature of HO*'c 
were introduced together into the reactor (2), directly into 
the lower section of the fluidized bed, via the line (1) and 
over horizontally arranged porous tubular metal elements 

10 (11). 3000 Nm^/h of ethylene were heated together with the 
recycled gas to 150 ''c and fed into the reactor (2) via the 
line (3) . The introduction of this ethene-enriched recycled 
gas stream took place via a base which had been equipped 
with a molding made from porous sintered metal (12). The 

15 reactor (2) contained 40 t of fluidized bed catalyst 
(aluminum oxide with a copper content of 4% by weight) 
having the following particle distribution: 



Particle 


size [fiin] 


Fraction (passage) [% by 
weight ) 


< 


20 


4 


< 


32 


6 


< 


41 


26 


< 


50 


54 


< 


61 


82 


< 


82 


96 



The heat of the reaction was dissipated via a hot- 
20 water circuit with the recovery of steam. After it had left 
the fluidized bed, the reaction gas, for deposition of 
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entrained catalyst particles in the upper part of the 
reactor, flowed through the finest filter (4), where 
virtually all of the catalyst was deposited. The reaction 
gas freed from the catalyst and having a temperature of 
5 220 was passed via the line (5) into the quenching column 
{6) ^ where the processing water was condensed and fed via 
line (7) to the waste-water processing* The copper content 
in the quenching water was < 0.05 mg/1. The top stream, 
consisting essentially of EDC and recycled gas, was fed via 

10 line (8) to the EDC processing. 

The finest filter (4) was cleaned in a differential 
pressure-controlled manner via line (9) using nitrogen which 
was heated to 180*'C in the preheater (10) ♦ The retention 
rate was >. 99.99%. After operation for three months, it was 

15 not possible to establish any significant change in the 
particle size distribution in the fluidized bed* 
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We Claim: 

1. A process for the preparation of 1, 2-dichloroethane in 
a reactor by reacting ethene with hydrogen chloride and 
oxygen or an oxygen-containing gas over a copper-containing 
catalyst in a fluidized bed, which comprises introducing at 
least one of the starting material streams - hydrogen 
chloride and oxygen - directly into the fluidized bed^ via 
feed lines made from a porous gas-permeable molding, and 
introducing the ethylene and a recycled gas stream over a 
base prepared f rem porous gas-permeable material ox provided 
with a molding made from porous gas-permeable material. 

2. The process as claimed in claim 1, wherein the porous 
moldings consist of glass or ceramic. 

3. The process as claimed in claim 1, wherein the porous 
moldings consist of sintered metals. 

4. The process as claimed in claim 1, wherein the porous 
moldings have pores with a diameter of from 0.5 to 50 /^m. 

5. The process as claimed in claim 1, wherein, in the 
reactor, the gas can be introduced in all directions through 
the porous moldings. 



6. The process as claimed in claim 1, wherein the catalyst 
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which has been entrained from the fluidized bed is largely 
retained within the reactor by fine filters made from a 
porous gas-permeable molding. 

7. The process as claimed in claim 1, wherein particles > 
1 fm. are retained as a result of a fine filtration process. 

8. The process as claimed in claim 1, wherein the fine 
filtration process is carried out using filter candles, bag 
filters or cartridge filters, 

9. The process as claimed in claJLm 8, wherein the filter 
candles are made from sintered metal or from ceramic. 

10. An apparatus for carrying out the process of any one of 
claims 1 to 9r comprising a reactor equipped with a fluidized 
bedr which reactor is fitted with two lines for introducing 
the starting material streams, and with at least one line for 
drawing off the products, wherein the two lines for 
introducing the starting materials and situated within the 
reactor have been prepared from porous material. 

11. The apparatus as claimed in claim 10, wherein the 
apparatus is provided with a filter device fitted to the line 
for drawing off the products. 
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12. The apparatus as claimed in claim 10^ wherein, for the 
introduction of the ethylene and of the recycled gas stream, 
the reactor is equipped with a base prepared from porous gas- 
permeable material or provided with a molding made from 
porous gas-permeable material. 
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